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ABSTRACT

The effects of knowledge of results (KR) and monetary reward on six hours of
uninterrupted monitoring of a complex visual display were examined. Comparisons
were made among groups receiving: no KR. about response adequacy, KR, KR plus
monetary reward or penalty determined by response adequacy, and KR plus teward in
practice but not during the criterion session. In addition, comparison was made
between the no-KR group and a similar one run by Webber and Adams (1), where a
rest had been given after three hours of a six-hour monitoring period. All groups
showed performance decrements of small magnitude. The manipulation of KR and
reward failed to deter decrement; however, reward in addition to KR did enhance
overall performance. KR alone did not facilitate performance, contrary to results
from other studies. Training under KR plus reward did not enhance criterion per-
formance when no KR or reward was provided. In support of previous research, man's
monitoring capabilities over extended time periods seem adequate for modern systems.
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_FFECT OF KNOWIDBOE OF RESULTS AND DIFF'MhNTIAL MONETARY REWARD
ON SIX UNINTERRUPTED HOURS OF N0C1ITORING

I. INTRODUCTION proficiency, and only inform=Lve fedback had
significant effects. In skill perforraiance, some

Typically, vigilance tasks used in the in- of the effects of such feedback seemed to be
vestigation of monitoring behavior are rela. motivational (11), which also may be true for
tively unstructured. The subject knows only vigilance (12). On the other hand, Fitts (5)
that he is to detect signals whenever they oc- indicates that KR might improve the discrimi-
cur. Generally, no information is given to the nations made by the subject in regard to his
subject about the adequacy of his performance. general strategy or cognitive set. If such dis-
In addition, the signals to be detected are criminations are acquired in vigilance tasks
aperiodic and transient and are often missed. when KR is provided, the effects should be rel-
Missing a signal effectively increases inter- atively long lasting. Adams and Humes (10)
signal interval, a factor which often results in and Wien :r (7) found that practice on a moni-
performance decrement (2, 3, 4). The aperi- toring task when KR was given transferred to
odicity or temporal uncertainty of the signal a no-KR criterion session. If KR acted prima-
also is an important variable in effecting vigi- rily as a motivational stimulus, such results
lance decrement (2, 3). If monitoring behavior would not be expected. Performance should
can be considered to be an acquired skill, such deteriorate on the removal of feedback; there-
conditions would not be conducive to the devel- fore, whether KR produces new learning or
opment and maintenance of high levels of pro- affects only the level of motivation is still an
ficiency. Rapid skill development depends, to open question. The present experiment is di-
some extent, on greater structuring and guid- rected at certain problems surrounding the use
ance in task performance. It is widely recog- of KR in monitoring performance.
nized that knowledge of results (KR), or
feedback, is useful for this purpose, especially Various groups receiving different condi-
in the early stages of skill acquisition (5). tions of KR were compared among themselves
Therefore, a closed-loop systein is necessary and with a control group receiving no informa-rather than the more oi less open-loop system tion about performance proficiency. Monetary$ typical of the task used in most vigilance reward has proved to be an effective incentive
studies. Feedback, which is typical of closed- to superior performance (13). In an attempt
loop systems, has been found to produce higher to manipulate motivation, one group of sub-( performance levels in vigilance task ; (2, 6, 7) jects wAs monetarily rewarded or penalizedand, under some conditions, reduct , or elimi- after each signal in terms of the adequacy ofIf nates the decrement (2, 8). The means by response. Their performance should be supe-
which KR has its effect on performance is un- rior to subjects receiving the same information
known. Such results might be attributed to about performance but no incentive reward,
the "arousing" effects of additional stimuLn- and to subjects receiving no RR at all. In
tion from the feedback (9). It appears that to addition, if discriminative habits are acquire4
be effective, feedback should indicate the pro- during ths init•el vigilane perfor_-,ince, they
ficiency of the subject's performance. Adams should transfer to performance made without
and Humes (10) gave different groups inform- such feedback (7, 10). The addition of incen-
ative and uninformative feedback about task tive reward to KR may enhance such effects.



A group differentially rewarded or penalized of the twelve boxes was the critical signal to be
after each signal during a practice, but not dur- detected.
ing a criterion session, was compared with the
no-KR group to ascertain whether transfer of An armrest switch was depressed continu-
training occurred. ously by the subject, who released it only on

detecting a signal and then pressed a detection
Previous research involving six hours of button 18 inches from the rest position. When

monitoring reported by Webber and Adams (1) a signal occurred, timers started at the experi-
used the same task as the nne used in this ex- menter's remote station. The release of the
periment. In their procedure the six-hour armrest switch stopped one timer, yielding a
mcnitoring period was divided into three-hour measure of Detection Latency, and started an-
sessions and the subject was allowed a short *Aher timer. The second timer was stopped by
break. Such breaks may provide for some re- depression of the detection button, which yields
duction in performance decrement (8, 14, 15). Motor Movement Latency measuring motor-
A direct comparison was made between one of transit speed between the armrest position and
the groups run by Webber and Adams and a detection button.
comparable group of subjects in this study. In
fact, the criterion session for all groups was The experimenter and the scheduling and
unbroken and represents a considerable extehi- recording apparatus were in another room. The
sion of uninterrupted monitoring time beyond signals were preprogramed on punched paper
that used, typically, in vigilance studies. tape, which was stepped automatically through

a reader.
In summary, the present study compares a

number of grotps of subjects receiving differ- Knowledge of results was provided by a
ent treatments to aosess the effects of KR, KR small panel of lights situated immediately in
with additional monetary reward, and transfer front of the subject. Four lights were pro-
of training under conditions of KR and mone- vided, all of different sizea and colors in a
tary reward, and the effects of a short break vertical array. The top light indicated "super-
on six hours of visual monitoring. ior" performance, the second, "adequate" per-

formance; the third, "poor" performance; ard
-II. METHOD the fourth indicated a missed signal. Specifica-

tion of the meaning of these categories will be

The method and procedures used in this undertaken below. Switches in front of the
experiment were very similar to those used by experimenter operated the lights and corre-
Webber and Adams (1) and Montague et al. sponding counters, which were used to obtain
(16). More detail about the apparatus and the total number of times a 3ebject recei-.ed
methods used can be obtained from those re- feedback in each of the four categories. Figure
ports. 1 shows the subject's display.

Apparatus Experimental design

Two units of the Complex Visual Monitoring The design provided for different treat-
Task were used, with each unit in a separate ments for independent groups of subjects. One
room for running 2 subjects simultaneously. group, which acted as a control group for all
The display consisted of three rows of four comparisons, received no knowledge of results
digital display boxes and was arrayed in front during either the practice or criterion sessions.
of each subject in a 60-degree arc. A standard The conditions for this group were identical to
reference number appeared in each row (ie., those for the ON group describe. by Webber
40, 50, and 60, from top to bottom, respective- and Adams (1), except for the elimination of
ly), A change in one of the numbers on one the short rest period provided after three hours
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in the earlier study. The previous study used indication of this procedure. During each trial,
15 subjects in the ON group; for comparison 12 signals occurred. The amount of change in
purposes, the present group included a like the number displayed, the position at which the
number. This group will be referred to in this change occurred, and the intersignal interval
report as D-D. Any differences in performance were separately and randomly assigned on each
between these groups may be at.ributed, at trial. The mean intersignal interval was 219
least in part, to the rest period introduced for seconds averaged across intervals of: 14, 30,
the ON condition. The letters used to identify 60, 120, 290, 420, 600, and 900 seconds. Each
groups in th%: present experiment indicate task critical signal persisted for 6 seconds.
conditions during the practice and criterion
sessions. The letter D indicates detection con- The subjects were randomly assigned to the
ditions without KR; F indicates that feedback various groups as they appeard for the prac-
or KR was provided, and P indicates that di'- tice session. Two subjects were run simulta-
ferential payment w q given. ON has meaning neously, whenever possible. They were given
specific to display conditions i: the Webber and detailed instructions regarding the task and
Adams study. several demonstration trials before practice be-

gan. Any serious errors of procedure were
Three other treatment conditions were pro- corrected at this time. The instructions for

vided for other groups. One group, identified the groups receiving the feedback conditions
as the F-F group, was informed about the ade- specified the meaning of the various perform-
quacy of their performance (luring both the ance adequacy categories indicated by the
practice and criterion sessions. Another, the lights. On the basis of the data obtained in
FP-FP group, was given differential monetary the previous experiments with the same task
reward or penalized in terms of the adequacy (1, 16), a frequency distribution of Detection
of their performance. The transfer group, re- Latency scores was obtained. From this dis-
ferred to as FP-D, received feedback and differ- tribution, superior performance was chosen to
ential payment during the practice session only be responses which occurred in less than 750
and no information about performance profi- msec. About 57, of the responses on the dis-
ciency during the criterion session. Therefore, tribution were faster. Adequate perfcrmance
comparisons are made between groups for the was defined as a Detection Latency between
KR and rest-period-condition treatment. The 760 msec. and the median of the distribution,
intersignal intervals, as well as the position of 1,750 msec. Detection response latencies slow-
the signal on the display, were varied during er than the median were designated as poor.
the sessions. A comparison of treatments is The subjects in the simple feedback condition
made within subjects. (F-F) were told that points could be earned or

lost by responses falling into the various cate-
Procedure gories. Superior performance gained them 10

points; adequate performance, only 1 point.
All subjects had a three-hour practice ses- They lost 2 points for poor performance and

sion between I to 5 days prior to the criterion 10 for missing a signal altogcher. They were
se-aion of six uninterrupted hours of monitor- instructed to work toward a high point total,
ing. The three-hour session was considered which would result from rapid responding and
ample time for the subjects to learn the task constant attention. The subjects in the feed-
requirements. A signal rate of 16 signals per back-payoff conditions (FP-FP, FP-D) were
hour was used. This is the same rate as used given the same instructions except that they
by Webber and Adams (1) and in the slow-rate were told that each point was worth a penny,
conditions by Montague et al. (16). The vigi- If they responded very quickly to a signal, they
lance sessions were divided into 45-minute trials would earn a dime; if they missed a signal, they
with four trials during each three-hour period. would lose a dime. After the practice session,
This was done for convenience hi program- the subjects were scheduled for the criterion
ing and analysis. The subjects received no session and dismissed. Prior to the criterion
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eession, they were given brief instructions re- proportion of signals missed, however, did in-
mi•,ding them of their task condition. Then crease as a function of monitoring time or
the.- enterel the experimental room for six trials, F (7, 315) = 3.082, P < .001. The
hours. Lsing one-way winduvs, the experi- mean proportion of errors (signals missed) is
menter made frequent checks to ascertain any shown in figure 2 for each grcup as a function
violatien of procedure. For example, if a sub- of blocks of trials. Although the analyses in-
je.. was asleep or drowsing, he was warned by volved data for 45-minute trials, data were
use of the intercom. He "Id been informed averaged for two trials in order to reduce some
prior to tCe experiment that he would be dis- of the veriability in plotting the trial-by-trial
nmissed if more thtn one warning was necessary. data. The apparent differences among the
None was dismissed. groups are not statistically reliable.

Subjects On the other hand, analysis of the Detection
Latency (DL) data revealed significant group

Forty-five male undergraduates served as differences, F (4, 45) = 2.747, P < .05. Also,
subjects. They were paid for their participa- a significant pe-formance decrement is re-
tion. There were 10 subjects in each of the vealed by the increase in DL with trials, F (7,
three feedback treatrient groups and 15 sub- 315) = 2.798, P < .01, which is in agreement
jects in the comparison control group (D-D). with previous studies (1, 16, 18). Independent
The data for 15 additional subjects chosen in a comparisons among the group means (all tested
similar fashion were obtained from Webber and at P < .05) revealed the D-D group to have
Adams (1). performed significantly poorer than the FP-FP

group. The FP-FP group also displayed sig-
IX. RESULTS nificantly faster latencies than the F-F group.

No other differences between group means
The results were analyzed in two parts. An were signifi,:ant. Similar results were obtained

overall analysis included data from the four in the anal.ysis of Motor Movement Latency
groups in this experiment along with data (M1ML). An overall significant difference
taken from the ON group run by Webber and among groups, F (4, 45) = 2.747, P < .05, was
Adams. In order :o simplify the analysis, 10 due primarily to the difference in motor-transit
subjects were selected at random from the 15 time between the FP-FP and D-D groups as
in the D-D and the ON groups. The first analy- revealed in the independent comparisons. The
sis of the data, the:ef ore, compared five groups differences between the other groups were in-
of 10 subjects each. A second analysis which significant. The MML was found to, increase
compared the ON and D-D groups alone utilized reliably as a function of trials, F (7, 315) =
thd data from all '5 subjects run in those con- 3.054, P < .01, a resdlt which agrees with those
"ditions and will be discussed below. Only the of previous studies. Thus, it appears that there
tests for main ef-ects or interactions which is a definite reduction in the speed with which
were significant at or beyond the .05 level will -'ibjects can react with progressive extension
be reported in detail. of monitoring time. As has been noted earlier

(1, 16), however, the magnitude f the decre-
Analyses comparing the error and latency ment in both DL and MMIL is relatively small.

data o!btained from all groups during practice The maximum change in DL during the six-
reveaied no overali difference among the treat- hour period is approximately 300 msec., while
ments. Neither was there a significant change MML changes less than 100 msec.
in performance during the three-hour practice
session. Performance of the subjects during Following a procedure used in earlier studiesI the criterion session is in substantial agreement (1), we combined the error and DL data to
with previou.q reports (1, 16-19). The propor- yield a measure of total detection performance.
tion of errors of omission made during the ses- In this procedure, errors (judged as poorestsion was moderate, averaging about 9%. The performance possible) are given a value of
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FIGURE 2

Mean error proportions made by the different groups as a function of blocks of rwo trials.
The letters indicate ecperimental conditions: F indicates feedback about performance was
given; P indicates differential reward; D indicates that no feedback or reward was given.
ON rvpresente da'a taken from Webber and Adams (1964).

zero and averaged with the reciprocal of DL, and criterion data. A three-way analysis of
thus yielding mean Reciprocal Detection La- variance, with Groups as a between-subjects
tency (RDL). The RDL provides a readily variable and Trials and Position as within-
comprehensible measure of total vigilance per- subjects variables, was performed by using
formance. In addition, since it includes data the RDL scores. A significant amount of vari-
from every signal occurrence, it allows direct ance is attributable to Groups, F (4,45) =-6.995,
analysis of the effects of the length of the P < .001; Trials, F (7, 315) = 7.34R. P < .001;
interval between signals and the positiun of the Position, F (2, 90) = 38.19, P < .001; and
signal on the display. Position was evaluated there was a significant Trials x Position inter-
by comparing performance on the four corner action, F (14, 630) = 2.524, P < .005. The
displays with the two center units and with the significant performance decrement over trials
six in between. Thus, position is defined agrees with that found in previous studies.
roughly in terms of relative distance from a Multiple comparisons between the individual
central fixation point (1, 16). Figure 3 dis- groups in terms of the mean RDL scores re-
plays the mean RDL's for each group as a func- vealed the same differences as those compari-
tion of blocks of two trials for both the practice sons made after the analysis of DL. Only the
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1 criterion sessions.

SDP-D and FP-FP groups, and the F-F and the Another three-way analysis was performed,
S~FP-FP groups differed significantly (P <: .05). abstracting the variance due to Intersignal Ir

S~terval instead of Position. The Groups and
i Ashadbee fo nd n th ealie ex eri en- Trials effects were significant as they had been

S''tation, the position of the signal in the display prdcdrlaldifrneinprraneAshdbefoninteerirepim - inhervouanyss.ntrialntrl

is sinifcan vaiale.Detctin prfom- (7, 315) -- 10.71, P <= .001; and the Trials x In-
S~ance is poorer for the peripheral display units. tervals interaction was significant, F (49, 2205),

I In addition, although the Trials x Position -- 2.029, P < .005, although accounting for only
S~interaction accounted for about 3% of the 2% of the within-subjects variance. Overall

within-subjects variance, the rate of decrement performance declined as a function of inter-
over trials may be greater for the more periph- signal interval in agreement with other studies
•,.al than for the central display units. A simi- (1, 2, 12, 16). Although the FP-FP group per-

lar finding was reported by Montague et al. forms better than all the others, the only sigo
(16) and may indicate a deterioration in the nificant differences are between it and the D)-P
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Separate analyses were made on DL, MML, variable. There is no indication that stable, dis-
errors of omission, and RDL for all 15 subjects criminative habits were learned during practice.
in the no-feedback control group (D-D) and Training under feedback and payoff conditions
those from the ON group from the Webber and did not improve criterion performance when no
Adams study. The only obvious difference in feedback was given (FP-D). This result is
procedure between the groups was the lack of contrary to those of Wiener (7) and Adams and
a short rest period for the D-D group. Reliable Humes (10), who found that training with KR
differences between the groups exist across all transferred to the criterion session. This dis-
measures with the ON group generally display- crepancy may be due primarily to the incentive
ing superior performance. On the other hand, mo)tivation provided by the differential payoff.
no overall decrement in DL or errors occurred Bergum and Lehr (13) observe that the facili-
across trials. The change in MML and in RDL tation of vigilance perforiiance with monetary
over trials is significant. Once again, position reward seems to be short-lived and may, when
in the display and intersignal interval contrib- withdrawn, actually be detrimental to perform-
uted significantly to the variance. The dif- ance. Although no detrimental effect was
ferences between the groups would seem to found here, it is possible that the withdrawal
indicate that the short rest period improved of both KR and monetary reward during crite-
the performance for the ON group. Separate rion performance producea negative incentive
analysis of their practice data indicated, how- conditions.
ever, that the groups may have been different
initially. The difference betbreen the groups Surprisingly, in vi'-w of the results of a
during practice, in terms of DL, just falls short number of other experiments, fe-dback about
of significance at the .05 level and is signifi- the adequacy of response to each signal did not
cant at that level for the RDL data; therefore, produce superior responding or eliminate decre-
it is doubtful that the difference betwean the ment. Experiments starting with Mackworth's
groups can be attributed to the rest interval in 1950 and including studies by Baker (2),
alone. McCormack (6), Wiener (7), and Adams and

Humes (10), among others, had found superior-

IV. DISCUSSION ity in performance for groups given KR; yet
the F-F group in this ".,udy did not perform
significantly better than the no-feedback group

The results demonstrate once again that (D-D). These discrepant results may be due,
man can maintcin relatively high levels of vigi- in part, to differences in the experimental t'%sk
lance performance over extended, unbroken involved in the present experiment. In all but
monitoring periods. Although decremints were the last study mentioned above, brief transi-
observed in terms of increasing frequency of tory signals were used, and missing a signal
errors and longer response latencies, the magni- makes the apparent intersignal interval some-
tude of the effect was small, and perhaps, prac. what longer. Intersignal interval is an im-
tically Inconsequential for many operationial portant determiner of performance, with longer
tasks of this kind. The attempt at reducing intervals yielding poorer performance. The
this moderate decrement by utilizing KR about KR about responses to each signal eliminates
performance adequacy and monetary reward this effect since, in all cases, a subject knows
produced somewhat equivocal results. when a signal occurred. In the vresent task,

signals persisted for 6 seconds; as a result,
Constant feedback paired with differential more than 90% of the signals were detected.

monetary reward (FP.FP) raised the overall Such a situation in itself Orovides some amount
level of. performance without eliminating the of KR and may have attenuated the difference
decrement over monitoring time. The reliable between the feedback and no-feedback condi-
difference between the FP.FP and the F-F tions. Adams and Humes (10) also used a
.proups demonstrates the effectiveness of dif- complex task of this kind with persistent sig-
terential monetary reward as a motivational nals and did find reliable differences between
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KR and no-KR groups. In their study, feed- subject in the ON group. If the means for each
back was given quantitatively in terms of the trial are corrected in terms of the mean differ-
difference (in milliseconds) between present ence between the groups observed during prac-
response latency and the mean Lstcaicy from tice, the curves are very similar. There is no
the immediately preceding trial. In effect, a indication of any differenca in performance
subject competed with himself from trial to during the last three hours resulting from the
trial. The KR, in the present experiment, was short rest period. Therefore, it is not likely
provided qualitatively (e.g., adequate, or poor) that the short rest periods allowed every three
in reference to fixed standards established by hours affected performance to any great extent
the performance of groups ýof subjects run in the studies of Webber and Adams (1) or of
previously. Further experimental examinatior Montague et al. (16).
of the way these procedural differences pro-
duced the discrepant results would seem advis- The observation of slight pirformance dec-
able. rements on complex vigilance tasks with per-

sistent signals is consistent among several
Finally, an alparent sampling difference experiments from our laboratory. The manip-

confounded the comparison of the group taken ulation of KR and incentives may enhance
from the Webber and Adams study with the performance to some extent but with conider-
comparable group in the present experiment, able cost in terms of medification ,f the task
The significant difference for RDL scores be- situation. It would be imprdctical to attempt
tween the groups in the practice session imdi- such modifications in real systems since the
cates that the difference between the groups magnitude of the decrement is so small, unless
during the criterion session cannot be attrib- no errors or delays in responding can be
uted solely to the rest period given to the tolerated.
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